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CLASSIFICATION: 
PROJECT  NO. : 
SUBJECT: 
REFERENCE: 


ANNEXES: 


Unclassified 

AN/TPQ-31  Performance,  Report  of 

(a)  USMC  Contract  No.  M00027-68-C-0047 

(b)  U.  S.  Army  Land  Warfare  Laboratory,  Test  Plan, 
December  1972 

A  -  AN/TPQ-31  Radar  Set  Equipment  Characteristics  - 
Radar  Performance  Parameters 
B  -  Background  Information 

C  -  AN/TPQ-31(  )  Radar  Set  Equipment  Performance 
Objectives 

D  -  Wang  Computer  Program 
E  -  Da'hlgren  Test  Data  Analysis 
F  -  Fort  Sill  Test  Data  Analysis 


1.  INTRODUCTION 

a.  Purpose  -  The  primary  purpose  of  ‘•his  report  is  to  provide  a  record  of 
the  performance  of  the  AN/TPQ-31  during  test  firings,  provided  for  the  field 
evaluation,  of  similar  type  equipment  being  used  as  a  hostile  weapon  locator.  In 
addition,  the  report  will  also  provide  data  for  future  comparison  with  the  perfor¬ 
mance  o^  the  AN/TPQ-31's  currently  being  modified  by  Raytheon  Company  under 
Contract  M00027-72-C-0098. 

b.  Description  - 

(1)  The  AN/TPQ-31  Radar  Set  was  designed  to  provide  for  direct 
interpretation  by  operators  from  a  fir.  t  round  track  of  blips  painted  on  a  PPI  scope 
by  incoming  mortar  projectiles  the  location  of  the  hostile  weapons  firing  the 
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incoming  mortar  rounds.  The  AN/TPQ-31  Radar  Set  utilizes  a  doppler  processor 
which  eliminates  stationary  targets,  and  has  a  continuous  363  degree  azimuth 
coverage  at  a  range  of  1  to  24  kilometers  on  targets  of  0.  015  sq.  miters  or  larger. 
Target  range  and  azimuth  data  is  displayed  on  a  16  inch  arimuth  range  indicator 
(PPI)  for  the  operators.  This  indicator  can  be  operated  up  to  100  feet  from  the 
radar  set  equipment  shelter.  The  AN/TPQ-31  utilized  by  the  Marine  Corps  during 
these  firings  included  the  1967  modifications  plus  changes  to  the  receiver  chain  to 
improve  rain  clutter  and  to  the  antenna  system  to  increase  its  rotation  speed  from 
15  RPM  to  30  RPM.  Additional  details  are  contained  in  Annex  A  to  this  report, 
c.  Background  - 

(1)  In  October  1967,  the  Raytheon  Company  received  a  quick  reaction 
contract  from  the  Marine  Corps  to  provide  a  360°  counter  mortar  radar  for  use  in 
Viet  Nam.  Ten  AN/UPS-1  air  search  radars  designed  in  the  mid  1950's  were 
provided  t  Raytheon  by  the  Marine  Corps  for  limited  modifications  that  would 
permit  th,i)  .  »  in  the  counter  mortar  role.  Various  features  which  may  have  been 
incorporated  in  a  complete  "design-for-the  purpose"  were  of  necessity  not  pursued. 
In  February  1969  deployment  of  active  units  was  started  in  Viet  Nam.  Careful 
siting  of  the  radar  system  and  constant  vigilance  on  the  part  of  the  radar  operator 
were  found  to  be  essential  to  the  effectiveness  of  the  system.  Additional  back¬ 
ground  detai]3  are  contained  in  Annex  B  to  this  report. 

(2)  Currently  the  Marine  Corps  has  a  limited  modification  program  with 
Raytheon  to  update  the  1967  version  of  the  AN/TPQ-31  using  modern  technology  in 
specific  sections  of  the  radar.  The  transmitter-receiver  chain  is  being  modernized 
and  current  solid  state  signal  and  target  data  processing  techniques  introduced. 
These  modifications  are  expected  to  significantly  improve  target  detection  and 
processing  with  the  provision  of  manual,  semiautomatic  and  automatic  hostile 
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weapon  location  readout.  The  data  collected  by  this  report  will  be  used  in  the  field 
tests  of  this  improved  AN/TPQ-31{  ).  Additional  performance  objectives  are 
contained  in  Annex  C  to  this  report. 

2.  DISCUSSION 

a.  This  report  is  limited  to  the  performance  of  the  AN/TPQ-31  during  fir¬ 
ing  exercises  at  Dahlgren,  Va.  and  Ft.  Sill,  Oklahoma. 

b.  The  objective  of  these  firings  was  to  demonstrate  the  feasibility  of  using 
radars  similar  to  the  AN/TPQ-31  as  hostile  artillery  locators  and/or  designators, 
and  to  gain  experience  in  their  use  for  these  purposes,  in  order  that  recommenda¬ 
tions  could  be  made  for  improving  such  equipment  and  for  improving  weapon 
locating  methods.  The  philosophy  of  the  firing  tests  was  to  progress  through  a 
series  of  tests  beginning  with  projectiles  of  opportunity  and  culminating  in  firings 
which  simulate  as  closely  as  possible  actual  operating  conditions. 

c.  The  evaluation  firings  were  divided  into  two  phases;  the  first  phase  at 
Dahlgren,  Virginia,  and  the  second  at  Fort  Sill,  Oklahoma. 

d.  During  the  evaluation,  the  AN/TPQ-31  was  operated  entirely  by  Marines. 
The  Marine  operational  personnel  were  used  to  run  the  equipment,  collect  data, 
keep  logs,  and  analyze  the  data. 

(1)  For  information  purposes,  the  following  is  supplied  on  the  eight 
Marine  Personnel  involved: 


NUMBER 

RATE 

MOS 

DUTIES 

1 

S  Sgt 

5934 

MCDEC  Project  NCO 

1 

Gy  Sgt 

5934 

Radar  Technicians 

2 

•L/Cpl 

5934 

Radar  Technicians 

4 

Pvt 

0842 

Radar  Operators 

3 


(2)  The  project  NCO  and  the  team  chief  had  prior  experience  with  the 
AN/TPQ-31.  The  operators  had  no  previous  experience  with  the  equipment. 

(3)  Raytheon  contractor  personnel  were  available  at  the  site  for  the 
purpose  of  assisting  the  Marine  technician  in  repairs  that  might  be  beyond  his 
experience. 

e.  The  firing  point  predictions  listed  in  the  data  of  Annexes  E&F  (Dahlgren 
and  Ft.  Sill,  respectively)  were  arrived  at  through  a  backtrack  procedvre  utilizing 
two  methods: 

(1)  The  basic  AN/TPQ-31  manual  method  involving  map  plotting.  This 
procedure  starts  with  plotting,  in  radar  coordinates,  the  first  and  last  position  of 
the  radar  track  on  a  map.  The  distance  between  the  two  points  is  measured  and 
divided  by  2(N-1)  where  N  i3  the  number  of  antenna  scans  over  the  time  of  flight. 

The  result  is  then  plotted  backward  along  the  line  of  flight  established  between  the 
two  previously  plotted  points  and  establishes  the  firing  point.  This  point  is  then 
read  out  in  map  coordinates.  The  operator  derived  firing  point  locations  in  the 
accompanying  data  to  this  report  were  based  on  a  25,  000  to  1  scale  map  with  no 
mask  angle  correction  being  utilized. 

A  plotting  pin  approximately  1/30  inch  diameter  may  lead  to  an  error  of 
approximately  50  meters.  With  five  measurements  or  plots  made  as  described 
above,  an  expected  error  would  be  50^5  =  112  meters  per  coordinate,  assuming 
no  additional  human  error.  Typically  plotting  errors  in  the  range  of  100-200  meters 
were  noted. 

(2)  The  second  method  is  semi-automatic  and  uses  a  desk  type  ej.  ctronic 
calculator  with  the  incorporation  of  a  correction  for  mask  angles. 
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In  this  method,  backtrack  firing  point  positions  were  calculated  using 
a  Wang  Model  No.  700A.  The  formulas  used  are: 


Xp  =  RjSINAj  -  1/2 


(RzSIN  A2  -  RXSIN  Aj  0.  2 1  ^  R2SIN  Ag  -  RjSIN  *4  ,  ) 


N  -  1 


(Rj  TAN  <t>  -  AH) 


Y_  =  R  COSA 

-Cl  1 


(l 

-  1/2  v 


R2COSA2  -  R 


jCOSAj 


N  -  1 


o.2i  (r2cqsa2  -  r^osaJ 


(RXTAN  $ 


-  AH) 


where 

Rj  is  first  range 
Aj  is  first  azimuth 
R2  is  last  range 
A2  is  last  azimuth 
$  is  mask  angle 

AH  is  radar  HT  -  weapon  HT  at  first  detection 
N  is  no.  blips 

T  is  a  corrected  time  between  first  and  last  looks: 


T  =  2(N  -  1)  + 


A2  "  A 
3200 
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Annex  D  gives  the  Wang  program  which  was  implemented  to  solve  the 
above  equations.  The  last  term  for  Xp  and  Yp  above  are  mask  angle  corrections. 
The  most  important  feature  in  using  machine  assists  is  that  the  additive  error  of 
the  procedure  is  zero  unlcas  an  error  is  made  in  the  entry  of  a  number.  Another 
feature  is  the  ease  and  speed  and  the  elimination  of  plotting  and  reading  map  values. 


A  miniature  Hewlett  Packard  calculator  (HP-35)  was  also  used  to  com¬ 
pute  firing  points  and  is  believed  to  be  a  valuable  time  saving  asset  for  such 
application.  See  Appendix  1,  Annex  D,  this  report  for  HP-35  program. 

f.  There  are  three  prime  contributors  to  the  backtrack  prediction  error: 
Antenna  speed  variation,  range  error  and  azimuth  angle  error. 

(1)  Antenna  speed  variations  are  most  likelv  to  be  caused  by  wind  which 
results  in  an  effect  that  repeats  each  Lo0°.  This  would  have  virtually  no  effect  on 
either  the  backtrack  or  mask  angle  corrections.  If  the  antenna  ran  at  the  wrong 
speed  continuously  the  effect  on  backtrack  would  be  self-can  celling  because  the 
backtrack  would  now  be  based  on  the  new  spacing  between  the  blips;  however,  the 
mask  correction  would  suffer.  Typically,  for  a  speed  error  of  10%,  which  is 
unlikely,  and  10  blips  and  a  masking  situation  leading  to  a  300  meter  correction, 
the  error  will  be  about  60  meters;  howe\  er  it  is  not  suspected  that  speed  error  was 
signficant  for  these  tests. 

(2)  In  the  24  km.  range  mode,  the  range  gate  width  is  462  meters.  Since 
the  transmitted  pulse  is  relatively  narrow  (approximately  100  meters  wide)  little 
gain  is  achieved  by  gate  splitting;  and  the  peak  system  range  error  is  approximately 
231  meters.  A  variable  which  is  uniformly  distributed  between  specified  peak 
values  has  a  standard  deviation  of  (3/2VT,  where  p  is  the  peak  to  peak  value  of  error. 
For  this  case,  the  standard  deviation  is: 

o  =  =  133  meters  RMS 

2  vr 

Thus,  range  error  may  be  considered  to  ha\-  a  one-sigma  value  of  133  meters 
and  a  probable  error  of  approximately  ±115  meters. 


(3)-  Although  no  conclusive  data  is  available,  a  probable  readout  error 
of  :i0,  5  degree  is  assumed  to  exist  resulting  from  system  non-linearities,  and 
operator  readout  error;  however,  the  Fort  Sill  data  shows  the  possibility  of  read- 
cut  errors  nearly  an  order  of  magnitude  greater  which  may  be  due  to  different 
operators  aligning  the  electronic  strobe  line  to  different'  edges  of  the  target  point. 

It  had  been  observed  that  under  some  conditions  the  strobe  was  placed  at  the  lagging 
edge  of  the  target  paint  instead  of  the  leading  edge.  A  study  of  the  polar  plots 


shows  the  amount  of  azimuth  off. 


This  situation  can  be  observed  in  Fort  Sill 


test  5  Seq  3,  Test  7  Seq  3,  Test  7  Seq  4,  Test  13  Seq  3,  and  Test  15A  Seq  2, 
which  show  strong  biases  one  or  the  other  side  of  the  correct  azimuth  angle. 
See  Appendix  1,  Annex  F  this  report  for  polar  plots. 

g.  Another  factor  that  is  considered  to  be  most  important  in  oacktrack 
computations  is  mask  angle  corrections. 

It  has  been  recognized  that  a  potential  improvement  in  backtrack  results 
is  possible  by  correcting  the  computation  of  firing  point  arrived  at  in  paragraph 
e.  (1)  above,  according  to  the  mask  angle  (elevation  angle  to  a  terrain  feature)  if 
any,  which  exists  in  *-he  vicinity  of  the  first  sighting.  The  mask  angle  from  the 
radar  is  determined  by  observing  whether  the  computed  firing  point  is  in  a  clear 
line  of  sight  from  the  radar  or  masked  by  a  terrain  feature  of  a  determinable 
height.  A  close  approximation  to  a  parabolic  correction  wa3  then  computed  for 
each  corrected  firing  point  axis  (S^-  and  Sy)  equal  to: 

0.  21  (X2  -  Xj)  (Rj  TAN  <t>  -  AH) 


0.21  (Y2  -  Yj)  (Rj  TAN  0  -  AH) 
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t  o  r*  c 


>t>  is  the  mi‘sk  angle  and 

All  is  the  height  of  radar  minus  the  height  of  the  backtracked  point. 

The  results  of  applying  mask  angle  correction  to  the  operator  manual  map 
ph.ilU-d  firing  points  showed  an  averaj  'mprovement  of  37.  1  percent  in  virtually 
ail  c  ases  of  mask  angle  as  tabulated  below.  Further  mask  angle  correction  showed 
i  marked  improvement  as  the  mask  angle  increased.  (See  Taule  I). 

h.  Dahlgren  Tests  ••  The  AN/TPQ-31  arrived  at  Dahlgren  on  20  November 
1972  and  was  fired  up  and  operated  at  the  main  range  site  until  29  November. 
Targets  of  opportunity  were  used  during  this  period  to  familiarize  the  operators 
with  the  operation  of  the  radar  system.  The  firings  at  Dahlgren  were  primarily 
used  for  equipment  performance  checkout  and  operating  procedures  refinement. 
Therefore,  only  the  firings  where  data  of  significant  nature  was  collected  have 
been  processed,  namely,  firings  on  6  and  7  December.  Firing  data  collected  on  the 
other  dates  are  included  in  this  report  for  record  purposes.  The  firings  where 
the  radar  painted  a  high  frequency  of  prints,  md  where  data  (such  as  location  of 
firing  point,  type  of  weapon,  and  QE  were  provided)  was  considered  significant 
enough  to  be  processed, 

(1)  The  firing  data  collected  at  Dahlgren  is  contained  in  Annex  E  which 
addresses  the  reduction  of  the  data  collected  on  6  and  7  December.  The  firings 
on  these  dates  were  divided  into  four  groups  depending  on  their  QE,  and  then  miss 
distances  were  computed.  For  the  59  rounds  processed,  with  bias  removed,  a 
CEP  of  105.  2  meters  v/as  attained  on  a  81  mm  mortar  located  approximately 
6830  meters  from  the  radar. 
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(?.}  During  the  Dahlgren  test  program,  the  radar  functioned  exceptionally 
'.veil,  A  few  minor  problems  were  experienced,  but  none  affected  the  operational 
readiness  of  the  radar.  The  operational  performance  during  the  actual  firings 
was  100%.  It  is  to  be  noted  that  the  antenna  pedestal  of  the  radar  had  accumulated 
3,  000  hours  cf  life  te  t  prior  to  being  deployed  to  Dahlgren. 

i.  Forts  Sill  Tests  -  The  firings  at  Fort  Sill  began  on  23  January  1973  and 
end'-id  on  7  March  1973.  Each  firing  consisted  of  a  number  of  sequences,  with  a 
specified  number  of  rounds  fired  during  each  sequence.  Data  on  firings  2  through 
18  were  collected  with  the  AN/TPQ-31.  The  weapons  used  during  these  firings 
consisted  of  the  81  mm  and  4.2  mortars,  the  105  mm,  155  mm  and  8.0"  howitzers 
and  a  175  mm  gun.  Predicted  firing  points  were  derived  from  the  collected 
data,  sjfe  Annex  F  of  this  report  for  analysis  of  data. 

(1)  The  values  of  accuracy  for  the  predicted  firing  points  were  processed 
at  the  radar  site  manually  and  later  by  machine.  It  is  difficult  to  compare  both 
methods,  in  that,  the  true  firing  points  used,  for  computation,  were  different  for 
each  of  the  methods.  The  accuracies  indicated  for  the  types  of  weapons,  by  each 
method  against  its  assumed  true  firing  point,  are  as  follows: 

OPERATOR  CALCULATED 


Weapon 

No.  Rounds 
(Detected) 

Avg. 

Miss  Distance 
All  Round? 

No. 

Sequences 

(Detected) 

Miss  Distance 
Best  Round  each 
Sequence 

Miss  Distance 
Best  One 
Round 

81  mm 

20 

237  m 

2 

90 

80 

4.  2  mrn 

86 

498  m 

17 

369 

20 

105  mm 

160 

1538  m 

18 

770 

100 

155  mm 

46 

431  m 

7 

270 

20 

8" 

23 

720  m 

2 

240 

140 

175  mm 

10 

280  m 

1 

140 

60 

10 


MACHINE  CALCULATED 


Avg.  No.  Miss  Distance  Mias  Distance 

No.  Rounds  Miss  Distance  Sequences  Best  Round  each  Best  One 


Weapon 

(Detected) 

All  Rounds 

(Detected) 

Sequence 

Round 

81  mm 

20 

244  m 

2 

150 

148 

4.  2  mm 

86 

601  m 

17 

487 

51 

105  mm 

160 

1252  m 

18 

655 

135 

155  mm 

46 

331  m 

7 

259 

67 

8" 

23 

476  m 

2 

312 

93 

175  mm 

10 

155  m 

1 

128 

128 

(2)  The  machine  calculated  firing  point  accuracies  can  be  further  refined 
by  screening  out  non-valid  erroneous  tracks  such  as  on  weapons  firing  from  points 
not  associated  with  the  test  program.  In  eliminating  these  tracks,  the  predicted 
tiring  point  accuracies  listed  below  were  attained.  See  Appendix  2,  Annex  F,  this 
report,  for  further  discussion  on  erroneous  tracks. 


Weapon 

l’o.  Rounds 
(Detected) 

Avg. 

Miss  Distance 
All  Rounds 

No. 

Sequences 

(Detected) 

Miss  Distance 
Best  Round  each 
Sequence 

Miss  Distance 
Best  One 
Round 

81  mm 

20 

244 

2 

150 

148 

4.2" 

86 

601 

17 

487 

51 

105  mm 

144 

905 

15 

415 

135 

155  mm 

42 

320 

7 

259 

67 

8" 

23 

476 

2 

312 

93 

175  mm 

10 

155 

1 

128 

128 

(3)  The  firing  sequences  explored  the  capability  of  the  system  beyond 
as  well  as  within  the  designed  operating  limits.  Unfortunately,  a  very  high  per¬ 
centage  of  the  rounds  were  fired  at  QE's  that  placed  their  track  above  the  antenna 
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beam,  at  velocities  that  fell  in  the  blind  speed  notch,,  and  at  distances  wherethe 
size  of  the  target  was  not  compatible  with  the  detection  range  of  the  radar.  A 
situation  could  have  prevailed  where  all  the  rounds  were  out  of  the  AN/TPQ-31 
antenna  beam  and  also  in  its  blind  speed  notch,  wherein  very  little  data  would  have 
been  collected.  In  this  context  the  105  mm  sequences  were  examined  and  fell  into 


five  categories: 

(a)  Rounds  not  detected  (radar  inoperative)  1 

(b)  Valid  rounds  (correct  projectile  tracked)  initial  velocity  of 

trajectory  detectable  4 

(c)  Valid  rounds,  but  initial  velocity  of  trajectory  not  detectable  10 

(d)  Valid  rounds,  but  trajectory  above  beam  and  initial  velocity 

not  detectable  7 

(e)  Questionable  rounds  (wrong  velocity  for  scheduled  refereces) 

see  Appendix  F -2-1  1 


Thus,  four  cut  of  23  of  the  105  mm  howitzer  sequences  are  expected 
to  yield  meaningful  results,  mainly  because  of  the  crucial  dependence  on  seeing 
the  initial  part  of  the  trajectory.  This  helps  account  for  the  poor  results  of 
the  105  mm  rounds  where  only  tests  7/1,  7/3,  9/2  and  10/1  wer  usable  rounds 
within  the  radar  design  parameters.  Considering  these  sequences,  the  average 
miss  distance  for  the  105  mm  rounds  becomes  733  (4  sequences)  meters  vice 
1139  meters  (22  sequences). 

(4)  The  AN/TPQ-31  has  the  capability  for  detecting  projectiles  fired 
anywhere  within  24  km  provided  that  various  parameters  of  the  round  fall  within 
the  design  ratings  of  the  radar.  The  probability  that  a  "detectable"  round  is 
actually  detected  is  a  significant  performance  indication.  This  probability  is 
available  from  the  accumulated  data  by  noting  which  rounds  had  detection  curves 
which  did  not  break  through  the  threshold  at_any  point.  The  reasons  for  this  are 
examined  in  Appendices  3  and  4,  Annex  F  but  generally  the  projectile  may  have 
been  in  the  blind  velocity  notch,  or  was  too  distant,  or  too  high  above  the  radar 
beam.  Also,  those  rounds  for  which  the  radar  was  inoperative  are  not  counted  here. 
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Total  No.  of  Theoretically  Detectable 
Rounds  Fired 


353 


Total  No.  of  Above  Rounds  Seen 


306 


Probability  of  Detection  of  all  "Detectable" 

Rounds  for  All  Fort  Sill  Data  306 

353 


x  100  =  87% 


Actual  detection  without  regard  for  theoretical  detectability  on  each 


weapon  was  shown  to  be: 


Sequence 

with 

Rounds 

Rounds 

Rounds 

Missed 

Rounds  Missed 

% 

Weapon 

Detections 

Scheduled 

Detected 

(No.  Detec. ) 

(Radar  Problem)  Detected 

81  mm 

2 

20 

20 

- 

- 

100 

4.2" 

17 

178 

86 

9 

83 

90 

105  mm 

18 

263 

160 

80 

23 

67 

155  mm 

7 

54 

46 

- 

8 

100 

8" 

2 

50 

23 

27 

- 

46 

175  mm 

1 

73 

10 

55 

8 

15 

^Percentages  do  not  reflect  rounds  missed  due  to  radar  problems. 

The  worst  case  was  the  175  mm  gun  which,  due  to  its  high  muzzle  velo¬ 
city  and  long  range,  placed  shells  too  high  for  the  beam,  too  distant  or  in  the  blind 
speed  notch  on  numerous  firings. 

(5)  Apart  from  the  problems  recorded  on  data  sheets  in  Appendix  5, 
Annex  F,  the  AN/TPQ-31's  performance  record  was  satisfactory.  It  is  difficult 
to  foresee  a  problem  such  as  the  one  experienced  with  the  antenna.  It  had 
accumulated  3500  hours  of  fail-free  operation  at  the  time  the  problem  was 
encountered.  It  is  also  felt  that  the  Short  Range  Console  problem  would  not  have 
occured  had  more  reliable  power  generators  been  available. 
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3.  CONCLUSIONS 


a.  The  majority  of  rounds  fired  during  the  tests  were  outside  the  designed 
operating  limits  of  the  AN/TPQ-3L 

b.  The  following  processing  and/or  inherent  system  errors  can  adversely, 
affect  weapon  firing  point  determinations: 

(1)  Manual  plotting  technique  errors  112  meters  per  coordinate 

(2)  Probable  rang-2  error  ±115  meters 

(3)  Probable  azimuth  error  ±0.  5  degree 

c.  Under  the  prevailing  test  conditions  the  AN/TPQ-31  attained  the  following 
firing  point  accuracies  and  percent  of  detections: 


Weapon 

No.  Rounds 

Miss  Distance 

%  Detection 

81  mm 

59 

105  meters  (Dahlgren) 

100 

4.2" 

178 

542  meters  (Fort  Sill) 

90 

105  mm 

263 

956  meters  (Fort  Sill) 

67 

155  mm 

54 

361  meters  (Fort  Sill) 

100 

8" 

50 

476  meters  (Fort  Sill) 

46 

175  mm 

73 

155  meters  (Fort  Sill) 

15 

81  mm 

20 

244  meters  (Fort  Sill) 

100 

d.  When  applicable,  the  introduction,  of  mask  angle  data  into  the  back  track 
computations  significantly  improves  the  accuracy  of  predicted  firing  points. 

e.  The  bias  errors  resulted  primarily  from  an  inability  to  accurately  bore- 
sight  the  radar  antenna  during  azimuth  orientation, 

f.  The  AN/TPQ-31  detection  performance  was  very  successful  against 
mortar  type  rounds,  for  which  it  was  designed,  and  it  had  a  limited  detection 
success  against  artillery  type  rounds. 
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g.  The  data  collected  in  this  report  is  suitable  as  a  basis  for  developing 
a  Field  Test  Plan  for  evaluation  of  the  AN/TPQ-31(  ). 

4.  RECOMMAND  ATIONS 

a.  That  the.  data  in  this  report  be  used  as  a  basis  for  developing  the 
AN/TPQ-31(  )  Field  Test  Plan. 

b.  That  the  majority  of  rounds  to  be  fired  during  the  field  test  of  the 
AN/TPQ-31(  )  be  scheduled  to  fall  within  its  design  limits.in  order  to  provide  a 
meaningful  evaluation. 

c.  That  a  boresight  telescope  be  provided  in  order  to  permit  accurate 
azimuth  orientation  which  will  help  reduce  the  high  frequency  of  bias  errors 
encountered  during  the  firings. 

d.  That  survey  data  on  the  true  location  of  the  firing  weapons  during 

AN/TPQ-31(  )  field  evaluation  be  made  readily  available  to  the  test  team  upon 

< 

completion  of  each  firing  sequence. 
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Annex  A  -  (AN/TPQ-31  Equipment  Characteristics  -  Radar  Performance 
Parameters)  to  Report  of  AN/TPQ-31  Performance  during 
Evaluation  as  a  Hostile  Weapon  Locator 

AN/TPQ-31  RADAR  SET  EQUIPMENT  CHARACTERISTICS 

SYSTEM  CHARACTERISTICS 

1.  Total  weight,  Radar  Set  AN/TPQ-31: 

a.  Shelter:  3256  lbs. 

b.  Helicopter  transport  pallet  A:  977  lbs. 

c.  Helicopter  transport  pallet  B:  1515  lbs. 

2.  Shelter  volume:  515  ft  ^  ' 

3.  Input  power  requirements: 

a.  With  air  conditioners:  Three-phase,  four-wire,  400  Hz, 
208/120-volts,  25-kW,  power  factor  -0.9  lagging. 

b.  Without  air  conditioners:  Three-phase,  four -wire,  400  Hz, 
208/ 120-volts,  10-kW,  power  factor  -0.9  lagging. 

ANTENNA 

1.  Type:  Cosecant-squared. 

2.  Dimensions: 

a.  Horizontal  aperture:  15  feet,  9  ±  2  inches. 

b.  Vertical  aperture:  6  feet  ±  2  inches. 

3.  Beamwidth: 

a.  Horizontal:  3.  7  degrees, 

b.  Vertical:  11  degrees. 

4.  Sidelobe  and  back  radiation: 

Side  Back 

Azimuth  25  dB  30  dB 

A-l 


ANTENNA  (Coat. ) 


5.  Gain 

a.  Greater  than  27  dB  over  a  frequency  range  of  1300  to  1350  MHz. 

b.  Not  less  than  26  dB  over  a  frequency  range  of  1250  to  1300  MHz. 

6.  Scan  rate: 

a.  Azimuth:  30  rpm 

b.  Elevation:  Tilt  -2  to  +5  degrees  (manual  adjustment). 

7.  Drive  system: 

a.  Continuous  search  operation:  Servo-operated  dc  motor  through  a 
gear  train  having  a  reduction  ratio  of  233.  3  to  1. 

b.  Manual  searchlight  operation:  Manual  rotation  of  handwheel. 

RADAR  TRANSMITTER  T-l  1 1  l/TPQ-31 

1.  Frequency  Range:  1250  to  1350  MHz. 

2.  Wavelength: 

a.  24  cm  at  1250  MHz 

b.  22.2  cm  at  1350  MHz 

3.  Transmitter  and  duplexer  tube  types: 

a.  TR  (V1851  type  7166/MA  3770)  and  ATR  (V1852,  V1853,  and  .V1854 
RCA  type  8270926-1)  gas-filled  tubes  in  duplexer. 

b.  Magnetron  (V204  type  QK  358),  gas-filled  thyratron  (V201  type  HY-15), 
hard  vacuum  diode  (V203,  type  561),  and  gas-fillad  diode  (V205, 

type  KU52). 

4.  Average  power:  1.0  kW  nominal 

5.  Peak  power:  1.0  MW  nominal 
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RADAR  TRANSMITTER  T-l  1 1  l/TPQ-31  (Cont. 


Pulsewidth: 

a.  0,7  microseconds  at  1600  PRF 

b.  4.  2  microseconds  at  267  PRF 

Pulse  repetition  rate  frequency:  1600  or  267  pulses  per  second  (pps) 
Power  requirements  for  operation: 

a.  Input  system  trigger:  40-V,  positive  pulse 

b.  Filament  voltage:  6.  3  Vac 

c.  Magnetron  filament  transformer:  130  Vac 

d.  Magnetron  tuning:  28  Vac 

e.  Pulse  generator:  350  Vdc 

f.  High  B+:  1000  Vdc 

g.  Magnetron  modulator  plate  power:  8500  Vdc 

RADAR  RECEIVER  R- 1585/TPQ-3 1 

1.  Stalo,  five  crystal-controlled  frequency  channels 

2'.  Noise  figure  (including  duplexer):  9  dB 

3.  Intermediate  frequency:  30  MHz 

4.  IF  bandwidth: 

a.  1.5  MHz  in  the  20-  and  40-mile  ranges 

b.  0,45  MHz  in  the  275-mile  range 

c.  1.5  MHz  in  the  HFSR  mode 

5.  Normal  video  minimum  discernible  signal  (mds):  104  dBm  minimum 

6.  Coherent  video  minimum  discernible  signal  (mds):  100  dBm  minimum 


6. 


7, 

8. 
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INDICATORS 


1.  Azimuth-Range  Indicator  IP-954/TPQ-31 

a.  PPI  scope:  10-inch  crt,  type  10WP7 

b.  A-scope:  3-inch  crt,  type  3SP1 

c.  Range  scales:  20,  40,  and  275  miles 

2.  Azimuth-Range  Indicator  IP-953/TPQ-31 

a.  PPI  scope:  1 6-inch  crt,  type  16M59P33M 

b.  Range  scales:  0-12  and  0-24  km  (1.54  -  6.47  and  0.54  -  12.95  nmi) 

SIGNAL  DATA  CONVERTER-SYNCHRONIZER  CV-2578/TPQ-31 

1.  Range-gated  doppler  processor 

2.  52  range-gated  signal  detectors 

3.  Synthetic  video  outputs  to  both  indicators 
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AN/TPQ-31  RADAR  PERFORMANCE  PARAMETERS 


RADAR  SENSITIVITY 

The  received  signal  to  noise  ratio  of  a  radar  target  observed  for  Tq  sec  is: 


REC  SNR 


<PTR.PK>  *  <F*F>  °2apt  ^ 
(4ir)3  R4  RTF  LRLT 


T 

o 


cr 

T 


If  the  required  detection  SNR  is  S,  and  processing  loss  is  D,  (departure), 

then 


REQ  REC  SNR  =  (S)  (D)  for  detection 


Solving  for  target  size: 


(S)  (D)  (4tt)3  R4  KTF  LtLr 
(PTR-PK>  (T)  (PRF)  g2  To 


S  (Prob  Det  =0.8,  1  F.  A.  per  scan) 

KT  204 

F  (9  dB  assumed) 

G2  ,  (G  =  27.  5  dB)  55 

ant 

\2  (\  =  23  cm) 

(4n)3 


+ 

11.  1  dB 


9 

12.6 

33 
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I 

i 


r4  <Rma*  =  24  K”> 

HhT 

PTR  (106W) 

T  (0,?xl0~6) 

PRF 

Tq  (21  millisec) 


+ 


175.2 


60 


32.05 


2 


61.55 


16.8 

11.5 


) 


Non-ideal  RC 
Rg  Loss 
Quadrature  Loss 


-4.  5  dB  (int  loss  for  33  hits) 

-1.0  dB 

-4.  5  dB  (range  gate  straddle  and  mismatch) 
-1.5  dB 


-11.5  dB 


Total  =  -18.3  dB  =  cr.j, 

ct_  =  0.  015  sq  meters 

1  @  24  Km 

The  radar  cross  sections  (RCS)  of  various  projectiles  from  81  mm  to 
155  mm  have  been  found  to  average  about  0.  018  sq  meters.  Applying  a  case  I 
Auction  loss  (at  Pd  =  0.  8)  of  -5  dB  gives  an  equivalent  size  of  nominally 
0.  005  sq  meters  required  for  satisfactory  detection  sensitivity. 

Assuming  all  radar  parameters  at  the  design  value,  and  a  target  on  the 
nose  of  the  beam,  the  maximum  detection  range  for  a  0.  005  sq  meter  target  is 

R  *  4j  °!  W  sq  rn  X  24  Km  =  18.  6  Km  (see  fig.  1) 
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Antenna  Pattern 


Fig.  2  shows  the  vertical  gain  for  various  degrees  of  antenna  tilt.  Fig.  3 
shows  the  coverage  for  a  target  of  0.  005  sq  meters  based  on  e  above  pattern 
and  the  system  parameters  presented  earlier. 

Velocity  Notch 

Fig.  4  shows  a  plot  of  velocity  notch  versus  speed.  As  is  characteristic 
of  single  PRF  doppler  radars,  doppler  velocities  at  or  near  multiples  of  the  PRF 
are  attenuated  by  the  clutter  filter.  The  amount  of  attenuation  is  a  function  of 
velocity  and  may  be  read  directly  from  the  plot  of  Fig.  4.  The  wide  notch  is 
used  for  particularly  severe  clutter  or  weather. 

Sensitivity  vs  Time  Control  (STC) 

STC  is  a  technique  to  reduce  the  system  gain  for  targets  at  short  range  to 
reduce  the  effect  of  clutter  which  is  most  bothersome  at  low  ranges.  The  STC 
gain  variation  produces  most  attenuation  (60  dB)  at  zero  range  and  is  reduced  by 
approximately  the  fourth  function  of  range  until  full  gain  is  achieved  at  about 
6  Km.  The  effect  of  STC,  when  considering  a  target  in  the  maximum  gain  portion 
of  the  beam,  is  to  hold  the  required  minimum  target  to  an  approximately  constant 
value  while  cutting  clutter  by  an  amount  which  is  an  inverse  function  of  range. 

,  However,  a  shortcoming  is  that  most  desired  targets  which  are  at  short  range 

f 

i 

,  are  also  at  high  angles  where  the  beam  coverage  has  low  gain.  The  STC  in  this 

1 

case  only  makes  matters  worse. 
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ATTENUATION  dB 


Radar  Coverage  for  <?_,  =  0.  005  sq  meter  (no  STC) 


Figure  4.  AN/TPQ-31  Velocity  Response  Characteristic  Curve 


Annex  B  -  (Background  Information)  to  Report  of  AN/TPQ-31 

Performance  during  Evaluation  as  a  Hostile  Weapon  Locator 

BACKGROUND  INFOR.MATION 

In  May  1967  the  United  States  Marine  Corps,  to  meet  an  urgent  Vietnam 
requirement  for  a  360 c  counter  mortar  radar  capability,  awarded  Raytheon  a 
contract  to  test  the  basic  capability  of  the  AN/UPS-1  air  search  radar  and  eval¬ 
uate  its  potential  in  a  two  dimensional  mortar  detection  role.  The  test  and 
evaluation  program  was  undertaken  at  the  Marine  Corps  Development  Center, 
Quantico,  Virginia  and  the  basic  capabilities  and  deficiencies  of  the  AN/UPS- 1 
radar  were  established.  The  result  of  these  tests  showed  a  definite  capability 
of  the  radar  to  provide  the  basic  functions  required  to  fulfill  the  new  mission. 

In  October  1967  Raytheon  received  a  quick  reaction  contract  from  the  USMC 
for  the  development  of  10  AN/TPQ-31  2D  counter  weapon  radars,  the  first  to  be 
delivered  for  test  in  9  months.  In  order  to  provide  AN/TPQ-31  equipment  in 
Vietnam  in  the  minimum  possible  time,  existing  AN/ UPS- 1  air  search  radars, 
developed  during  the  mid  1950's,  were  provided  from  available  Marine  Corps 
assets  for  modification.  Further,  because  of  the  time  restrictions,  only  those 
modifications  essential  to  the  basic  function  of  the  AN/TPQ-31  were  undertaken. 
Various  features  which  may  have  been  incorporated  in  a  complete  "design-for- 
the-purpose"  were  of  necessity  not  pursued.  The  major  modifications  made  to 
the  12  year  old  design  of  the  AN/UPS-1  in  1967,  to  develop  the  AN/TPQ-31,  were 
limited  to  the  following: 

Transmitter:  Increase  PRF  to  avoid  blind  speeds  associated  with  mortar 
rounds.  Increase  output  frequency  stability  and  decrease  time  jitter  to 
improve  SCV. 
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Receiver:  Modify  stalo  and  coho  for  improved  SCV. 

Indicator:  Provide  16"  PPI  with  selectable  24  KM  and  12  KM  ranges. 

MTI:  Replace  MTI  delay  line  with  a  range  gated  doppler  processor  to 

provide  synthetic  video  to  the  PPI  indicator  and  further  improve  SCV. 

In  June  of  1968,  the  AN/TPQ-31  system  was  tested  at  Camp  Lejeune, 
North  Carolina.  Analysis  and  evaluation  of  the  test  results  confirmed  that  the 
desired  capabilities  were  successfully  incorporated  into  the  AN/TPQ-31.  The 
tests  performed  at  Camp  Lejeune  were  similar  to  those  conducted  with  the 
AN/TJPS- 1  at  Quantico  except  they  were  more  detailed  in  nature  and  extensive 
in  scope.  In  addition  to  demonstrating  its  ability  to  acquire  and  track  mortar 
shells,  the  tests  were  extended  to  include  howitzers  and  guns  with  emphasis 
placed  on  the  radar's  ability  to  determine  the  source  of  hostile  firing  with 
sufficient  accuracy  to  permit  direct  assignment  of  retaliatory  action  without 
the  use  of  other  precision  tracking  devices. 

Results  of  the  tests  were  highly  gratifying  because  the  demonstrated  cap¬ 
ability  significantly  exceeded  the  performance  specifications,  despite  the  fact 
that  the  design  was  based  on  the  mortar  threat  only.  Helicopter  gun  ships  were 
directed  by  the  radar  operator  in  simulated  counter  strike  operations.  The 
location  accuracy  obtained  was  generally  better  than  ±  250  meters.  No  signifi¬ 
cant  terrain  features  were  encountered  at  Camp  Lejeune,  the  firing  range  was 
generally  flat,  therefore  possible  mask  angles  were  very  small.  The  firing 
point's  and  impact  area  were  vis'ble  to  the  radar  and  the  clutter  from  trees 
presented  no  problem  to  the  radar. 

In  September  1968  the  first  units  were  deployed  in  Camp  Pendleton, 
California  and  active  training  of  operator  and  maintenance  crews  commenced. 
The  terrain  at  Camp  Pendleton  is  generally  mountainous  and  significant  mask 
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angles  were  encountered.  However,  although  this  presented  problems  in  pre¬ 
dicting  the  actual  position  of  the  weapon  firing  from  defilade  positions,  the  results 
in  these  adverse  circumstances  were  considered  of  real  value.  Various  methods 
of  extrapolating  the  observed  projectile  track  back  to  the  point  of  origin  were 
developed  but  none  were  implemented  as  a  formal  procedure.  In  February  of 
1969  deployment  of  active  units  commenced  in  Vietnam.  The  initial  locations 
were:  (1)  Southwest  of  DaNang  at  Hill  55,  (2)  Northwest  of  Dong  Ha  at  Fire 
Base  C2,  7  KM  from  the  DMZ  and  (3)  in  Saigon.  The  Saigon  operation  was  not 
successful  because  the  radar  had  to  compete  with  excessive  clutter  returns  from 
local  buildings,  etc.  and  the  targets  were  not  always  detected.  The  site  was  on 
top  of  one  of  the  tallest  buildings  in  the  city  -  while  this  would  appear  to  be  a 
vantage  point  -  it  was  in  fact  a  serious  disadvantage  because  the  high  clutter 
returns  could  not  be  masked  from  the  radar.  Brief  deployment  outside  the  city 
at  ground  level  produced  more  satisfactory  results  and  the  radar  was  latex*  moved 
to  LZ  Sharon  East  of  Dong  Ha.  Of  the  various  systems  ultimately  deployed  in 
combat  locations,  the  best  results  were  obtained  from  Hill  55,  Da  Nang  and 
Fire  Base  C2  Dong  Ha,  partly  because  the  enemy  was  particularly  active  in 
these  areas.  Careful  siting  of  the  radar  system  and  constant  vigilance  on  the 
part  of  the  radar  operator  were  found  to  be  essential  to  the  effectiveness  of  the 
system. 


B-3 


Annex  C  -  (AN/TPQ-31  {  )  Performance  Objectives)  to  Report  of 
AN/TPQ-31  Performance  as  a  Hostile  Weapon  Locator 


Raytheon,  under  Contract  No.  M00027-72-C-0098  with  the  U.  S.  Marine 
Corps,  is  conducting  a  modification  program  to  further  enhance  the  existing 
performance  and  versatility  of  the  current  models  of  the  AN/TPQ-31  Radar 
System.  Under  this  program  the  following  desired  design  objectives  are  being 
pursued. 

AN/TPQ-31  (  )  PERFORMANCE  OBJECTIVES 


Description 
A.  Environmental 

3.  Reliability 

C.  Prob.  Detection  and  Location 
(0.0014  sq.  meters  at  25  Km) 

D.  Accuracy: 

1.  Cannon  Location 

2.  Rocket  Location 
(122  mm  or  greater) 

3.  Mortar  Location 
(60  mm  or  greater) 


Objectives 

Allow  20%  degradation  in  4  mm/m  of 
rain.  Operate  at  sea  level  to  3000  m. 
alt. 

90%  Prob.  of  operating  24  hr /day  for 
30  days.  Down  time  1  hr /day. 

80% 

100M  c.  e.  p.  for  10  Km  weapon  at  QE 
200  Mils,  to  150M  c.e.p.  for  20  Km 
weapon  QE  300  Mils. 

100M  c.e.p.  or  c.e.p,  =  1%  range 
(whichever  is  greater)  for  QE  - 
400  Mils. 

80M  c.e.p.  for  10  Km  weapon  at  QE 
1000  Mils  90%  within  IbOM  at  12  Km 
range. 
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5.  Rockets  (200  mm) 

6.  Mortar  (60  mm) 

G.  Enemy  Weapon  Characteristics 
and  Conditions 

1.  Max.  Projectile  Velocity 

2.  Minimum  Weapon  QE  for 
Cannon  and  Rocket 

3.  Weapon  QE  for  Mortar 

4.  Terrain  Masking  weapon 
at  radar 

5.  Radar-Weapon  Aspect  Angles 

6.  Radar -Weapon  Height 
Differential 

H.  Sectors  of  Search  Track 

1.  Simultaneous  Search  and 
Locate 

I.  Adjustment  of  Artillery 

1.  Fire-for-Effect  Missions 


1-25  km 

0.5-25  km  (QE  =  1000  Mils) 

1000  m/sec  from  5  km  to  max.  ranges 
and  500  m/sec  from  0.  5  to  5  km 
300  Mils  :rom  10  km  to  max.  ranges 
in  (F, )  and  200  Mils  from  2  to  10  km. 
500  Mils  to  1500  Mils. 

-50  Mils  to  +200  Mils. 

0  Mils  to  1600  Mils. 

0  to  ±  1000  Meters 

360°  to  25  km  range 

Yes 
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Description 

2,  Firing  Corrections  by 
Registration 

J.  Reaction  (i.  e.,  set-up  time  from 
start  of  Off-load  to  Operational) 

1.  System  not  emplaced 

2.  System  moved  by  air 

3.  Displacing 

K.  Mobility,  tracked  or  wheeled 
vehicles.  No-degradation  of 
vehicle  fording  or  swimming 
capability. 

L.  Presentation 

1.  Automatic  Print-out  of  hard 
copy: 

a.  Weapon  Loc.  in  UTM 
cords 

b.  Weapon  Traj*  back 
azimuth 

c.  Time  of  Location 

d.  Identity  of  radar 

e.  Altitude  of  weapon  locat. 

f.  Indicate  whether  weapon 
is  cannon  or  rocket 
launcher 

2,  P.  P.  I.  Az.  vs  Range 
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ObjectiveB 

Yes 


30  mins. 
1  hour 
15  mins. 
Yes 


Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 
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Description 


Objectives 


M.  Orientation 

Rapid  visual  or  electronic  means  of 
orienting  the  radars  will  be  provided. 

N.  Rate  of  computing  weapon  locations 

O.  Air  portability  via  C-130  and  Heli¬ 
copter  Air  Lift 

P.  Surface  Transportability  by  Truck  or 
Track  Vehicles 

Q.  Number  of  simultaneously-firing 
weapons  which  can  be  located 

R.  Manual  (back-up)  Method  of  Weapon 
Location 

S.  Other  Capabilities 

1.  Ability  to  choose  between  weapons. 
That  is,  select  a  new,  previously 
unlocated  weapon  in  each  of  3  bat¬ 
teries  rather  than  3  weapons  in  one 
battery. 

2.  Provide  historical  information  on 
activity  of  located  weapon. 

T.  Storage  under  extreme  conditions  without 
subsequent  perf.  degradation. 

1.  Time  to  restore  radar  to  full 
capability. 

U.  Total  life  expectancy 


Yet 


4  per  min. 
Yes 


Yes 

10 


Yes 


No 


No 


1  year 


8  hours 


10  years 
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PHYSICAL  CHARACTERISTICS 
Description 

A.  Design  Considerations 

1.  No.  of  vehicles  required 

2.  Emplace  and  operate  on  10°  slope 

3.  Adequate  shelter  for  operator, 
comm,  equip. ,  plotting  board,  etc. 

4.  Provision  for  remote  operations 

B.  Weight 

1.  Curb  weight 

2.  Combat  loaded 

C.  Configuration: 

1 .  Operational  height 

2.  Surface  mobility 

a.  Railway  height 

b.  Highway  and  cross  country  height 

c.  Width 

3.  Dimensions  to  conform  to  Berne 
International  clearance  diagram 

4.  Air  Portability: 

a.  Height 

b.  Width 

D.  Other  Requirements 

1.  Withstand  exposure  to  normal  ocean 
beach  atmosphere 

2.  Fungus -Proof  in  operating  and  trans¬ 
port  configuration 
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Objectives 

2 

Yes 

Yes 

100  ft. 

4,  500  lbs. 
5,000  lbs. 

168" 

92" 

114" 

106" 

Yes 


102" 

106" 


3  months 

Yes 


Appendix  1  -  (Comparison  of  AN/TPQ-31  (  )  to  AN/TPQ-31)  to  Annex  C 
of  Report  of  AN/TPQ-31  Performance  during  Evaluation  as 
a  Hostile  Weapon  Locator 

AN/TPQ-31  (  )  COMPARISON  TO  AN/TPQ-31 

Coverage 

The  increased  sensitivity  of  the  AN/TPQ-31  (  )  due  to  higher  average  trans¬ 
mitter  power,  more  sensitive  received  and  better  processing  leads  to  the  coverage 
pattern  for  a  0.  005  sq  meter  target  shown  in  figure  1.  The  AN/TPQ-31  (  )  improve¬ 
ment  i3  conservatively  +7  dB  and  would  have  allowed  at  least  some  detect! ■'ns  for 
tests  14,  15/1,  15/2  and  16/1  at  Ft.  Sill  which  were  beyond  the  range  of 
AN/TPQ-31. 

Velocity  Notch 

The  AN/TPQ-31  (  )  is  designed  for  a  PRF  of  6000  Hz  which  places  the  first 
blind  velocity  at  4  times  the  value  for  the  AN/TPQ-31.  Thus  the  numerous  cases, 
such  as  tests  7/2,  7/4,  9/3,  etc.  at  Ft.  Sill,  where  the  radar  was  blind  to  the 
shell  at  the  start  of  the  trajectories,  woxild  have  been  properly  tracked.  Success¬ 
ful  track,  from  the  point  the  s  rises  above  the  radar  horizon,  is  necessary  for 
minimum  miss  distance.  None  of  the  many  cases  of  velocity  notch  blindness  (see 
detection  curves,  Appendix  3,  Annex  F)  for  the  Ft.  Sill  tests  would  have  presented 
a  blind  condition  for  th^  aN/TPQ-31  (  ), 

Detectability 

Based  on  the  relative  coverage  and  velocity  notch  improvement  of  the 
AN/TPQ-31  (  )  over  the  AN/TPQ-31,  virtually  all  of  the  Ft.  Sill  firings  would 
have  been  detected  by  the  AN/TPQ-31  (  ). 
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Annex  D  -  (Wang  700A  Calculator  Program)  to  Report  of  AN/TFQ-31 

Performance  during  Evaluation  as  a  Hostile  Weapon  Locator 

WANG  700A  CALCULATOR  PROGRAM 

STORAGE  REGISTERS  USED 
03  Height  Difference  (WEAPON  -  RADAR)  in  meters 
04  Actual  Weapon  Azimuth  in  mils 
05  Actual  Weapon  Range  converted  to  meters 
06  Mask  angle  in  degrees 
07  1st  Det.  Az  converted  to  degrees 
08  1st  Det.  Rg  converted  to  meters 
09  Last  Det.  Az  converted  to  degrees 

10  Last  Det.  Rg  converted  to  meters 

11  Number  of  hits  minus  one 

*12  Number  of  rounds  calculated  in  sequence 
*13  2  calculated  Az  in  mils,  Avg  Az  in  mils 

*14  2  calculated  Rg  in  meters,  Avg  Rg  in  meters 

15  -  Xj,  Avg  Az  error  in  mils 

16  ^2  -  Yj,  Avg  Rg  error  in  meters 

17  Cartesian  coord,  Xl(X2,  Xj,  Xq,  Xl) 

18  Cartesian  coord.  Yl(Y2,  Yj,  Yq,  Yj_,) 

19  T2 

20  Calculated  Az  in  mils  =  A p 

21  Mils  to  Degrees  conversion 

22  Kilometers  to  meters  conversion 

*Accumulating  Registers. 
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23  Calculated  Rg  in  meters  =  Rp 
*24  2/Az  error/,  Average/Az  error/ 

*25  2/Rg  error/,  Average/Rg  error/ 

26  Working  Register 

*27  £  RMS  Az  error,  Average  RMS  Az  error 

*28  £  RMS  Rg  error,  Average  RMS  Rg  error 

*Accumulating  Registers. 

NOTE:  Registers  00,  01,  02,  120  b  121  are  used  with  the  trig  package. 

FUNCTION  KEYS  USED 

01  00  Clear  storage  register  and  store  radar /weapon  height  in  meters 
01  01  Store  actual  azimuth  and  range  of  weapon  in  mils  and  KM 
01  02  Store  mask  angle  in  degrees 

01  03  Store  1st  detection  azimuth  in  mils  and  range  in  kilometers 
01  04  Store  last  detection  azimuth  in  mils  and  range  in  kilometers 
0.  05  Store  number  of  scans 

2  2 

01  06  Calculate  correction  factor  T  (display  shows  T  in  Y  and  impact  from 
C  in  the  X  register) 

01  07  Calculate  origin  and  errors 

Display  shows  Az  in  mils/Rg  in  meters 
Press  GO  and  display  shows: 

Cartesian  coordinates  Y/X  in  meters 
Press  GO  and  display  shows: 

Error  from  actual  Az  in  mils/Rg  in  meters 
Press  GO  and  display  shows: 

Miss  distance  in  meters 
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01  08  Calculate  averages  -  display  shows  average  the  same  as  01  07 

01  09  Calculate  absolute  averages  -  display  shows  absolute  error  Az  in 

mils/Rg  in  meters 

01  10  Store  each  individual  Az  and  Rg  error  and  compute  difference  from 
average 

01  11  Calculate  RMS  average  -  display  shows  Az  RMS  error  in  mils/Rg  RMS 
error  in  meters 

Press  GO  and  display  shows  miss  distance  in  meters 
PROGRAM  MARKS  USED 

0002  Sin  X 

0003  Cos  X 

0004  Tan  X 

0007  Tan_1X 

0100 

As  described  for  function  keys 

0111 

0308  Quadrature  II  correction 

0309  Quadrature  II  and  III  correction 

0310  1st  half  of  miss  distance  problem 

0311  2nd  half  of  miss  distance  problem 

0312  Compute  Az  Sc  Rg  error 

0313  Compute  Mask  correction 

0314  Quadrature  II  and  IV  correction 

0315  Clear  registers  03  to  29 

0801  Add  2  to  value  of  T 

0802  Subtract  2  from  value  of  T 
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1513  | 

1514  } 

1515  ) 


Used  in  trig  program 


TOTAL  NUMBER  OF -STEPS 

699 

VERIFICATION  NUMBER 

7097 

COMPUTATIONS 

R^  =  First  range  in  meters 

A^  =  First  azimuth  in  degrees 

R-,  =  2nd  range  in  meters 

A2  =  2nd  azimuth  in  degrees 

N  =  Number  of  points  from  1st  to  last 

=  I^as^  anS*e  *n  degrees 
H^  =  Radar  height  in  meters 
Kyy  =  Weapon  height  in  meters 
Hq  =  Difference  height  in  meters  (Hyy  -  H^) 

Polar  to  Cartesian  Coordinates 
Xj  =  Rj  Sin  A i 
=  Rj  cos  Aj 
X2  —  R2  Sin  A2 
Y2  =  R2  cos  A2 

Origin  if  mask  =  0° 
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Fartial  Time  Correction  (C) 


A-  -  A,  f<  -  1,  T  =  2  (N  -  1)  +  C  +  2 

C  =  l  if  C  -1  <  C  <  1,  T  =  2(N-  1)+C 

>  +  1,  T  =  2  (N  -  1)  +  C  -  2 


Mask  Correction 


B  =0.21  (R.  tan  4  -  HJ/T2 

l  mu 

Sx  =  (X2  -  XjJB,  Sy  =  (Y2  -  Y^B 


Computed  Origin 


AVERAGES 

Accumulator  adds  Az  in  mils  and  range  in  meters. 

Cartesian  coordinates  are  computed  from  average  polar  coordinates. 

Error  subtracts  actual  from  average  polar  coordinates. 

Miss  distance  is  computed  from  average  error  and  average  range. 

Absolute  error  in  accumulated  from  each  individual  error. 

RMS  error  subtracts  the  average  error  from  each  individual  error,  squares  it, 
accumulates  sum  of  individual  squares,  takes  average  and  the  square  root. 
RMS  miss  distance  is  computed  from  RMS  Az  and  Rg  error  and  the  average 
calculated  range. 


DATA  SHEET 

A  sample  data  sheet  is  attached. 

PROGRAM  STEPS 

Data  sheets  with  the  individual  program  steps  are  attached. 
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OPERATING  PROCEDURE 


1.  Load  and  verify  program. 

2.  Place  toggle  switch  10  in  On  position. 

3.  Key  Radar  Height  in  meters  and  raise  to  Y. 

i 

4.  Key  Weapon  Height  in  meters.  ' 

5.  Press  function  key  00  to  enter  height  difference  and  clear  all  other  storage 
registers. 

6.  Key  actual  weapon  azimuth  in  mils  and  raise  to  Y. 

7.  Key  actual  weapon  range  in  kilometers. 

8.  Press  function  key  01  to  enter  position. 

9.  Key  mask  angle  in  degrees. 

10.  Press  function  key  02  to  enter  data. 

11.  Key  1st  detection  Az  &  Rg  as  in  steps  6  &  7. 

12.  Press  function  key  03. 

13.  Key  last  detection  Az  &  Rg  as  in  steps  6  &  7. 

14.  Press  function  key  04. 

15.  Key  number  of  hits. 

16.  Press  function  key  05. 

2 

17.  Press  function  key  06  to  calculate  factor  T  . 

2 

(NOTE:  Display  shows  T  in  Y  and  in  X  either  0,  +2,  or  -2  depending  on  the 
value  of  C. ) 

18.  Press  function  key  07  to  calculate  origin. 

19.  Record  azimuth  in  mils  from  Y  and  range  in  meters  from  X. 

20.  Press  Go  and  record  cartesian  coordinates  in  meters. 

21.  Press  Go  and  record  azimuth  error  in  mils  from  Y  and  range  error  in  meters 
from  X, 
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22.  Pres 6  Go  and  record  miss  distance  in  meters  from  Y. 

23.  For  each  round  in  the  sequence  repeat  steps  11  to  22. 

24.  When  the  last  round  is  complete  press  function  key  08. 

25.  Record  average  values  for  each  column  as  in  steps  19  to  22. 

26.  Press  function  key  09  and  record  the  absolute  error  for  azimuth  and  range. 

27.  Key  the  azimuth  error  from  the  1st  round  and  raise  to  Y. 

28.  Key  the  range  error  from  the  1st  round. 

29.  Press  function  key  10  to  store  RMS  in  an  accumulator. 

(NOTE:  The  display  shows  the  square  of  the  difference  between  the  error 
and  the  average  error. ) 

30.  Repeat  steps  27  to  29  for  each  round  in  the  sequence. 

31.  When  the  last  round  is  complete,  press  function  key  11  to  compute  the  RMS 
values. 

I?-  Record  the  RMS  azimuth  error  in  mils  and  the  RMS  range  error  in  meters. 

33.  Press  Go  and  record  the  RMS  miss  distance  in  meters. 

34.  When  starting  the  next  sequence  be  sure  to  start  again  at  step  3  in  order  to 
clear  the  accumulators. 

NOTE:  When  storing  information  from  individual  rounds  in  steps  11  to  16,  it 
is  not  necessary  to  re-enter  information  if  it  was  the  same  as  the 
previous  round.  All  other  steps  should  be  performed. 
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Appendix  1  -  (HP  35  Program)  to  Annex  D  of  Report  of  AN/TPQ-31 

Performance  during  Evaluation  as  a  Hostile  Weapon  Locator 

A  miniature  Hewlett  Packard  calculator,  HP-35,  was  also  used  to  compute 
firing  points  and  is  believed  to  be  a  valuable  time  saving  asset  for  such  application. 
The  program  (based  on  certain  approximations)  to  compute  firing  points  on  the 
HP-35  (N*  is  equal  to  2(N  -  1))  is  presented  on  the  following  page.  The  boxes 
represent  data  entry  and  the  circles  represent  function  buttons.  The  "Y"  coordi¬ 
nate  of  the  firing  point,  Yp,  is  obtained  using  the  same  program,  but  by  pressing 
COS  whenever  SIN  is  called  for.  The  execution  time  for  computing  both  Xp  and 
Yp  was  found  to  be  1-3/4  minutes  total  for  someone  modestly  familiar  with  the 
calculator. 
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BACKTRACK  COMPUTATION  ON  HP-35  HAND  CALCULATOR 


Annex  E  -  (Dahlgren  Test  Results)  to  Report  of  AN/TPQ-31  Performance 
During  Evaluation  as  a  Hostile  Weapon  Locator 

1.  The  raw  data  of  the  tests  at  Dahlgren  is  contained  in  Appendix  1  to  this  Annex. 
This  data  reflects  target  information  collected  on  the  following  dates:  December 
1,  4,  6  and  7,  1972. 

a.  Twenty-six  rounds  artillery  were  tracked  on  1  December.  The  data  is 
far  from  complete,  but  is  included  for  record  purposes.  No  back  data  could  be 
obtained  from  the  main  range  personnel  as  to  weapon  type,  Q.  E. ,  etc. 

b.  On  4  December,  18  rounds  of  81  mm  mortar  were  tracked  and  plotted. 
Although  these  rounds  were  not  part  of  the  scheduled  program,  weapon  type  and 
Q.  E.  information  was  made  available.  The  predicted  firing  point  location  was 
estimated  manually  by  the  operator.  The  basic  method  of  manual  processing 
target  information  by  the  operator  includes  the  plotting  of  mortar  shells,  artillery 
shells  or  missiles  with  a  grease  pencil  on  the  face  of  the  PPI  crt.  Starting  at  the 
point  of  origin,  where  the  target  was  first  detected,  the  operator  follows  the  line 
of  flight  of  the  target  by  drawing  a  line  through  each  of  its  target  returns.  Suc¬ 
cessive  plotting  of  targets  starting  at  their  first  point  of  detection  helps  the  oper¬ 
ator  determine  the  point  of  origin  of  the  hostile  weapon  emplacement.  The  range 
(distance)  of  the  point  of  origin  is  determined  by  pointing  the  azimuth  cursor  to  the 
first  point  of  target  detection  and  rotating  the  TARGET  RANGE  DESIGNATION  con¬ 
trol  so  the  azimuth  cursor  touches  the  leading  edge  of  the  first  target  return.  The 
azimuth  of  the  target  can  then  be  determined  by  the  azimuth  scale  on  the  outer  edge 
of  the  PPI  crt,  and  the  range  read  off  the  digital  range  counter. 

c.  The  first  half  of  scheduled  mortar  rounds  to  be  observed  from  site  7 
were  fired  from  the  main  range  firing  point  on  6  December  and  the  second  half  on 
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7  December.  The  raw  data  for  these  dates  shows  the  predicted  origin  of  the  firing 
point  estimated  manually  by  the  operator.  Tables  F-l  through  F-6  show  this  data 
when  processed  by  a  hand  calculator  (Wang). 

2.  For  launch  point  calculation  with  the  calculator,  6830  meters  and  5655  mils 
were  used  as  the  best  known  range  and  bearing  of  the  firing  point  from  the  radar. 
The  following  equations  were  evaluated  on  the  hand  calculator  for  each  radar  read¬ 
ing  to  yield  a  table  of  range  launch  point  (RQ).  and  azimuth  launch  points  (Azq),  * 

R.  -  R£ 

o  2  (N  -  1)  1 

Az^  -  Az^ 

Azo  =  2(N  -  1) 

where  for  a  particular  round, 

R^  is  the  first  detection  range 
Azj^  is  the  first  detection  Az 
R2  is  the  last  detection  range 
AZ2  is  the  last  detection  Az 

N  is  the  number  of  scans  between  and  including  the  first  and  last  detections 

These  values  are  listed  in  the  data  column  of  the  Tables  E-l  through  E-8.  On  line 
2,  Appendix  E-l-1,  and  lines  2,  3,  4,  6  and  12,  Appendix  E-l -2,  Annex  E,  are 
first  look  range  values  which  cannot  be  correct  because  they  are  less  than  the  last 


vThese  results  are  approximate  as  the  equations  yield  acceptable  results  only  when 
the  difference  between  the  first  and  last  azimuth  is  small,  as  was  true  in  this  case. 
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look  value.  This  is  assumed  to  be  an  operator  error  and  5  is  assumed  to  be  the 
correct  first  digit.  Rounds  6,  Tables  E-l  and  E-2  and  9,  Tables  E-7  and  E-8, 
were  not  included  in  the  computer  runs  because  of  no  track. 

GROUPING 

There  are  4  groups  of  firings: 

Group  1  Ch  8-45°  Tables  E-l  and  E-2 

Group  2  Ch  6-65°  Tables  E-3  and  E-4 

Group  3  Ch  2-65°  Tables  E-5  and  E-6 

Group  4  Ch  8-25°  Tables  E-7  and  E-8 

All  but  group  4  were  below  the  blind  notch  of  the  radar  at  PRR  -  1600  Hz.  Group  4 
have  a  muzzle  velocity  of  248  m/s  which  becomes  225  m/s  in  the  ground  plane  for 
QE  =  25°.  Since  the  system  clutter  notch  extends  from  154  to  198  m/s  an  occasional 
sighting  may  be  expected  just  before  the  shell  drops  into  the  blind  zone  if  the  antenna 
rotation  timing  is  just  right.  However,  since  the  data  of  group  4  were  beyond  the 
design  parameters  of  the  AN/TPQ-31  they  will  be  presented  separately  and  not 
combined  with  the  remaining  data.  Group  1  firings  have  an  initial  radial  compo¬ 
nent  of  approximately  175  m/s  which  is  still  wil  In  the  3  dB  points  in  the  notch, 
but  are  reasonably  well  detected  because  of  the  signal  strength  overcoming  the 
value  of  the  notch  skirt  at  that  point. 

3.  In  Tables  E-l  through  E-8  a  printout  of  the  reduced  data  for  groups  1,  2  and  3 
are  presented. 

An  overall  bias  for  all  the  values  (59  rounds)  was  computed  to  be: 

Range  bias  58.4  m 

Az  bias  -2.42  mils 
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BIAS  =  ~  -  True  Value 

The  average  value  for  predicted  launch  range  and  azimuth  is  printed  out  for 
each  group  as  well  as  the  offset  that  value  represents. 

The  error  for  each  point  is  tabulated,  as  well  as  the  error  per  point  cor¬ 
rected  by  the  59  round  bias. 

The  group  variance  for  Rq  and  Azq  is  printed  below  each  group  as  well  as 
the  average  value  of  the  absolute  error. 

The  prediction  Footprint  for  the  59  Values  of  Groups  1,  2  and  3,  with  bias 
removed,  within  which  50%  of  all  predictions  fall,  is  presented  as  follows: 


R  ' 

Az  - ► 

Area  =  34,  798  sq  meters 
Radius  of  circle  of  equivalent  area: 

RcEP>rir^ =  ^  me^ers 

4.  The  values  in  Tables  E-7  and  E-8  are  presented  separately  with  no  further 
analysis  because  the  projectile  entered  the  radar  blind  zone  shortly  after  firing. 
Errors  of  592  m  range  bias  and  37.6  mils  Az  bias  resulted. 
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Table  E-l 


RANGE 


RNH 


6  Dec.  72 
Charge  8 
45° 


Best  known  RO  =  6830  meters,  AZO  =  5655  mils 
59  round  bias  =  58.4  meters  range  and  -2.42  mils  AZ 
Avg  value  =  6904.  8  meters 
Offset  of  avg  of  values  =  74.  8  meters 


Rd. 

Data  R0 

Error 

Error  Less  B 

1 

6720 

-iio 

-168. 373 

2 

7120 

290 

231.627 

3 

7410 

580 

521.627 

4 

6900 

70 

11.6271 

5 

6* 

6910 

80 

21.6271 

7 

6900 

70 

11. 6271 

8 

6600 

-230 

-288. 373 

9 

6900 

70 

11.6271 

10 

7080 

250 

191.627 

11 

7100 

270 

211.627 

12 

6910 

80 

21.6271 

13 

7010 

180 

121.627 

14 

7010 

180 

121.627 

15  ■ 

6850 

20 

-38.  3729 

16 

6790 

-40 

-98.3729 

17 

6800 

-30 

-88.3729 

18 

6590 

-240 

-298.373 

19 

6590 

-240 

-298.373 

20 

7010 

180 

121.627 

21 

6870 

40 

-18. 3729 

22 

6900 

70 

11.6271 

23 

6990 

160 

101.627 

24 

6670 

-160 

-218.373 

25 

7010 

180 

121.627  | 

26 

6980 

150 

91.6271| 

65' 


Variance  =  182.912  meters  rms 
Avg  ABS  error  =  158,  8  meters 


*Round  6  not  included  because  of  no  track. 
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Table  E-2 


AZIMUTH 


RNH 


6  Dec.  72 
Change  8 
45° 


Best  known  RO  =  6830  meters,  AZO  =  5655  mils 
59  round  bias  =  58.4  meters  range  and  -2.42  mils  AZ 
Avg  value  =  5656.  6  mils 
Offset  of  avg  of  values  =1.6  mils 


Rd. 

Data  Az. 

Error 

Error  Less  I 

1 

5638 

-17 

-14.5763 

2 

5660 

5 

7.42373 

3 

5672 

17 

19.4237 

4 

5682 

27 

29.4237 

5 

6* 

5661 

6 

8.42373 

7 

5640 

-15 

-12.5763 

8 

5650 

-5 

-2.57627 

9 

5670 

15 

17.4237 

10 

6643 

-12 

-9.57627 

11 

5639 

-16 

-13.5763 

12 

5638 

-17 

-14. 5763 

13 

5648 

-7 

-4.57627 

14 

5647 

-8 

-5.57627 

15 

5689 

34 

36.4237 

16 

5649 

-6 

-3.57627 

17 

5658 

3 

5.42373 

18 

5654 

-1 

1.42373 

19 

5658 

3 

5.42373 

20 

5668 

13 

15.4237  . 

21 

5694 

39 

41.4237 

22 

5644 

-11 

-8.57627 

23 

5639 

-16 

-13.5763 

24 

5660 

5 

7.42373 

25 

5651 

-4 

-1.576271 

26 

5663 

8 

10.4237  j 

65  ‘ 


Variance  =  15.4454  mils  rms 
Avg  ABS  error  =  12.  4  mils 


*Round  6  not  included  because  of  no  track. 
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Table  E-3 


RANGE 


7  Dec.  72 
Charge  6 
65° 


Best  known  RO  =  6830  meters,  AZO  =  5655  mils 

59  round  bias  =  58.4  meters  range  and  -2.42  mils  AZ 

Avg  value  =  6864.  58  meters 

Offset  of  avg  of  values  =  34.  5833  meters 


Rd. 

Data  R0 

Error 

Error  Less  Bias 

1 

7050 

220 

161.627 

2 

6640 

-190 

-248. 373 

3 

7180 

350 

291.627 

4 

6680 

-150 

-208.373 

5 

6870 

40 

-18.3729 

6 

7070 

240 

181.627 

7 

7070 

240 

181.627 

8 

6790 

-40 

-98.3729 

9 

6570 

-260 

-318.373 

10 

7070 

240 

181.627 

11 

6680 

-150 

-208. 373 

12 

6980 

150 

91.6271 

13 

6460 

-370 

-428.373 

14 

6870 

40 

-18.3729 

15 

6750 

-80 

-138.373 

16 

6970 

140 

81.6271 

17 

6480 

-350 

-408.373 

18 

6960 

130 

71.6271 

19 

6970 

140 

81.6271 

20 

6970 

140 

81. 6271 

21 

6970 

140 

81.6271 

22 

6870 

40 

-18. 3729 

23 

6970 

140 

81.6271 

24 

6860 

30 

-28.  3729 

Variance  =  190.853  meters  rms 
Avg  ABS  error  =  167.  083  meters 
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Table  E-4 


AZIMUTH 

7  Dec.  72 
Charge  6 


Best  known  RG  =  6830  meters,  AZO  =  5655  mils 

59  round  bias  =  58.4  meters  range  and  -2.42  mils  AZ 

Avg  value  =  5654.  08  mils 

Offset  of  avg  of  values  =  0.  916667  mils 


Rd. 

Data  Az0 

Error 

Error  Less  Bias 

1 

5614 

-41 

-38. 5763 

2 

5643 

-12 

-9. 57627 

3 

5613 

-42 

-39. 5763 

4 

5686 

31 

33.4237 

5 

5642 

-13 

-10. 5763 

6 

5647 

-8 

-5.57627 

7 

5635 

-20 

-17. 5763 

8 

5676 

21 

23.4237 

9 

5676 

21 

23.4237 

10 

5646 

-9 

-6. 57627 

11 

5667 

12 

14. 4237 

12 

5625 

-30 

-27.5763 

13 

5677 

22 

24.4237 

14 

5667 

12 

14. 4237 

15 

5646 

-9 

-6. 57627 

16 

5667 

12 

14.4237 

17 

5665 

10 

12.4237 

18 

5656 

1 

3.42373 

19 

5667 

12 

14.4237 

20 

5646 

-9 

-6.57627 

21 

5646 

-9 

-6. 57627 

22 

5667 

12 

14.4237 

23 

5656 

1 

3.42373 

24 

5668 

13 

15.4237 

Variance  =  19.  0873  mils  rms 
Avg  ABS  error  =  15.  9167  mils 
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Table  E-5 


RANGE 

Best  known  RO  =  6830  meters,  AZO  =  5655  mils  '  7  Dec.  72 

59  round  Bias  =  58.4  meters  range  and  -2.42  mils  AZ  Charge  2 

Avg  value  =  6904. 4  meters  65  0 

Offset  of  avg  of  values  =  74. 4  meters 


Rd. 

Data  R0 

Error 

Error  Less 

1 

6943 

113 

54. 6271 

2 

6938 

108 

49.  6271 

3 

6842 

12 

-46. 3729 

4 

6950 

120 

61.6271 

5 

6943 

113 

54. 6271 

6 

6955 

125 

66. 6271 

7 

6950 

120 

61.6271 

8 

6844 

14 

-44. 3729 

9 

6841 

11 

-47. 3729 

10 

6838 

8 

-50. 3729 

Variance 

=  51.7672  meters  rms 

Avg  ABS 

error  =  74.4  meters 

Table  E-6 

AZIMUTH 

Best  known  RO  =  6830  meters,  AZO  =  5655  mils 

59  round  bias  =  58.4  meters  range  and  -2.42  mils  AZ 

Avg  value  =  5638.  9  mils 

Offset  of  avg  of  values  =  -16.  1  mils 


7  Dec.  72 
Charge  2 
65° 


Rd. 

Data  AZq 

Error 

Error  Less  E 

1 

5635 

-20 

-17. 5763 

2 

5635 

-20 

-17.5763 

3 

5645 

-10 

-7.57627 

4 

5647 

-8 

-5. 57627 

5 

5636 

-19 

-16. 5763 

6 

5637 

-18 

-15.  5763 

7 

5645 

-10 

-7. 57627 

8 

5636 

-19 

-16.5763 

9 

5637 

-18 

-15. 5763 

10 

5636 

-19 

-16.  5763 

Variance  =  4.  50444  mils  rms 
Avg  ABS  error  =  16. 1  mils 
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Table  E-7 


RANGE 


7  Dec.  72 
Charge  8 
25° 


Avg  value  =  6237.  62  meters 

Bias  of  avg  of  values  =  -598.  379  meters 


Rd. 

Data  R 

o 

Error 

Error  Less  Bias 

1 

5960 

-870 

-277.  621 

2 

5608 

-1222 

-629. 621 

3 

5410 

-1420 

-827. 621 

4 

5425 

-1405 

-812.621 

5 

5630 

-1200 

-607.621 

6 

5250 

-1580 

-987.621 

7 

7050 

220 

812. 379 

8 

6115 

-715 

-122. 621 

9* 

10 

5881 

-949 

-356. 621 

11 

5878 

-952 

-359. 621 

12 

5894 

-936 

-343. 621 

13 

6128 

-702 

-109. 621 

14 

5410 

-1420 

-827.621 

15 

5825 

-1005 

-412. 621 

16 

6703 

-127 

465.379 

17 

6496 

-324 

258.379 

18 

7035 

205 

797. 379 

19 

6303 

-527 

65.3793 

20 

6507 

-323 

269.379 

21 

6910 

80 

672.379 

22 

6511 

-319 

273.379 

23 

7010 

180 

772.379 

24 

6104 

-726 

-133.  621 

25 

6717 

-113 

479.379 

26 

6715 

-115 

477.379 

27 

6503 

-327 

265.379 

28 

6500 

-330 

262.379 

29 

6906 

76 

668.379 

30 

6507 

-323 

269.379 

Variance  =  536.  068  meters  rms 
Avg  ABS  error  =  644,  868  meters 


*Round  9  not  included  because  of  no  track. 
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Table  E-8 


AZIMUTH 


RNH 

Avg  value  =  5692.  59  mils 

Bias  of  avg  of  values  =  37.  5862  mils 


Rd. 

Data  AZ 

1 

5689 

2 

5719 

3 

5707 

4 

5742 

5 

5720 

6 

5723 

7 

5608 

8 

5714 

9* 

10 

5711 

11 

5683 

12 

5700 

13 

5755 

14 

5775 

15 

5689 

16 

5651 

17 

5655 

18 

5630 

19 

5701 

20 

5692 

21 

5704 

22 

5670 

23 

5662 

24 

5690 

25 

5680 

26 

5680 

27 

'5691 

28 

5692 

29 

5671 

30 

5681 

Variance  =  33.  9721  mils  rms 
Avg  ABS  error  =  42.  8276  mils 


Error 

7  Dec.  72 
Charge  8 
QE  25° 

Error  Less  Bias 

34 

-3.58621 

64 

26.4138 

52 

14.4138 

87 

49.4138 

65 

27.4138 

68 

30.4138 

-47 

-84. 5862 

59 

21.4138 

56 

18.4138 

28 

-9.58621 

45 

7.41379 

100 

62.4138 

120 

82.4138 

34 

-3.58621 

-4  ‘ 

-41.586? 

0 

-37.5862 

-25 

-62.5862 

46 

8.41379 

37 

-0.586207 

49 

11.4138 

15 

-22. 5862 

7 

-30.  5862 

35 

-2.58621 

25 

-12. 5862 

25 

-12.5862 

36 

-1.58621 

37 

-0.586207 

16 

-21.5862 

26 

-11.5862 

*Round  9  not  included  because  of  no  track. 
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Appendix  1  -  (Recorded  Test  Data  from  Dahlgren  Tests)  to  Annex  E  of  Report 

of  AN/TPQ-31  Performance  Evaluation  as  a  Hostile  Weapon  Locator 
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TEST  FIRING  RESULTS 


:  Radar  AN/TPO-31 


Location  Site  7 


Date  Dec.  1,  1972 


Predicted 

Round  Tine  1st  Bet  Last  Bet  Origin 
R  Az  R  Az  R  Az 


3(4}  5j  6[  7j  8 1 9  p.0  |ll  !12  !13  jl4  jlS  ;16  |l7  |18 
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■Mmniiii 

SBHiihikHi 


IlilililiBIDUnil 

iiRSSHiuiiiiniii 
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TEST  FIRING  RESULTS 


Radar  AN/TPQ-31 


Location 


Site  7 


Date  Dec1 


u 


1972 


Sound 


Time 


1st  Det 
R  Az 


Last  Det 
R  Az 


Predicted 
Origin 
R  Az 


_ _ Target  Track  _ 
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Annex  F  -  (Ft.  Sill  Test  Data  Analysis)  to  Report  of  AN/TPQ-31  Performance 
During  Evaluation  as  a  Hostile  Weapon  Locator 

FT.  SILL  TEST  DATA  ANALYSIS 

The  prime  analysis  tool  is  the  use  of  a  computer  simulation  of  each  round 
fired.  This  allows  reconstructing  each  shot  to  determine  how  the  radar  should 
have  performed.  The  actual  performance  is  then  compared  with  the  predicted 
performance.  The  statistics  which  were  processed  from  the  radar  data  provide 
a  revealing  insight  to  the  performance  of  the  radar  for  the  Fort  Sill  trials. 

Each  round  was  simulated  and  the  projectile  aspect  and  pitch  angle,  range, 
range  rate,  azimuth,  elevation  and  normalized  target  size  for  each  2  second 
interval  of  the  shot  were  derived.  A  value  for  each  2  second  interval  representing 
the  predicted  signal  level  above  the  MDS  threshold  was  then  determined  using 
this  information.  This  signal  level  was  plotted  vs  time  ar.d  provided  a  basis  for 
a  comparison  of  radar  results  with  expectations.  See  Appendix  3,  this  Annex, 
for  predicted  detection  curves. 
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Appendix  1  -  (Polar  Plot®  )  to  Annex  F  of  Report  of  AN/TPQ-31  Performance 
During  Evaluation  as  a  Hostile  Weapon  Locator 

POLAR  PLOTS 

The  following  plots  show  in  polar  form  the  firing  points  and  target  points 
for  each  test.  In  addition,  first  looks  and  last  looks  are  plotted  with  dashed  lines 
connecting  some  of  the  points.  This  type  of  presentation  allows  a  quick  evaluation 
of  the  possibility  of  having  tracked  the  wrong  projectile.  These  plots  also  readily 
reveal  the  existence  of  any  biases  present  in  the  radar  data. 

The  displayed  biases,  in  many  cases,  are  caused  by  azimuth  orientation 
errors  that  result  from  the  manual  boresite  method  used  by  the  AN/TPQ-31.  The 
use  of  an  optical  boresight  telescope  would  help  alleviate  the  biases  attributable  to 
azimuth  orientation  errors. 
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Appendix  2  -  (Erroneous  Tracks)  to  Annex  F  to  Report  of  AN/TPQ-31  Performance 
During  Evaluation  as  a  Hostile  Weapon  Locator 

ERRONEOUS  TRACKS 

The  data  for  Test  9/1  at  first  appear  puzzling  because  the  predicted  detec¬ 
tion  curves  indicate  that  good  results  should  be  obtained.  However,  the  miss 
distance  averages  for  this  group  are  among  the  worst  of  all  the  data.  A  look  at 
the  polar  plots  for  9/1  reveal  that  there  is  a  strong  possibility  that  a  different 
test  shot  firing  from  a  range  of  approximately  8.  5  km  (FP-387)  was  observed  in 
error.  The  first  and  last  detections  are  typically  at  approximately  8.3  km  and 
6.  6  km  respectively.  The  true  projectile  should  have  produced  8-9  detections 
during  the  detectable  flight  time,  four  of  which  would  be  during  the  observed 
range  (8.3  km  to  6.6  krr)).  The  raw  data  gives  an  average  of  7.3  detections 
during  the  observed  range  indicating  that  the  target  tracked  was  not  the  correct 
one,  and  in  all  probability  originated  at  FP-387. 

A  similar  analysis  was  conducted  for  ct. tain  other  samples  of  data  where 
very  evident  inconsistencies  were  noted  among  the  detection  curves,  miss  dis¬ 
tances  and  polar  plots.  In  those  cases  where  the  observed  number  of  scans 
separating  the  first  and  last  blip  differed  by  over  50%  from  the  true  value  obtained 
from  the  computer  simulation,  the  shots  were  considered  wrong  identifications 
and  removed  from  the  averages  for  miss  distances.  The  following  rounds  fall  into 
this  category: 
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Tests 


7/1  one  eri-oneous  round 

7/2  one  erroneous  round 

7/3  one  erroneous  round 

7/4  two  erroneous  rounds 

8  four  erroneous  rounds 

9/1  all  rounds  erroneous 

9/4  all  rounds  erroneous 

12/3-  all  rounds  erroneous 


Appendix  3  -  (Test  Analysis  Parameters)  to  Annex  F  to  Report  of  AN/TPQ-31 
Performance  During  Evaluation  as  a  Hostile  Weapon  Locator 

TEST  ANALYSIS  PARAMETERS 

J 

The  following  data  lists  some  of  the  parameters  for  each  test  plus  some 
pertinent  comments.  A  brief  explanation  of  the  headings  are  as  follows: 

1.  Test  Type:  Test  types  are  either  confirm  or  locate.  For  confirm 
tests,  the  general  firing  point  and  target  area  are  known  in  advance.  For  locate 
tests,  no  information  is  given,  and  any  traj  ^ctory  observed  is  the  recorded 
trajectory. 

2.  Weapon  Type:  (Self  explanatory). 

3.  Range  to  Weapon:  (Self  explanatory). 

4.  Miss  Distance: 

a.  Operator  Prediction:  The  miss  distance  is  computed  by  back- 
plotting  the  track  on  a  map. 

b.  Machine  Prediction:  A  calculator  performs  the  equivalent  of  the 
above,  but  adds  in  a  correction  for  the  mask  angle. 

5.  Blip  Scan  %:  This  is  the  observed  ratio  of  the  number  of  scans  on 
which  the  targets  were  seen  to  the  total  number  of  scans  during  which  the  target 
was  in  the  air. 

6.  Predicted  Detection  Curve:  This  is  a  prediction,  arrived  at  by  computer 
simulation,  of  the  expected  signal  to  noise  ratio  above  a  minimum  detectable  signal 
for  the  particular  firing  plotted  for  every  2  second  (radar  data  rate)  interval. 

Taken  into  account  for  this  simulation  are: 

a.  Range  to  target 

b.  Elevation  to  target  and  beam  pattern 
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c.  Instantaneous  aspect  and  pitch  of  the  projectile  and  its  corresponding 
radar  cross  section 

d.  Range  rate.andthe  velocity  notch 

e.  Sensitivity  vs  time  control  (STC)  attenuatioh 

f.  Weapon  type,  QE,  charge,  initial  range,  initial  aspect 

g.  Slant  range  (2  second  intervals). 

Comments:  (Self  explanatory). 
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Appendix  4  -  (Test  Analysis  Findings)  to  Annex  F  to  Report  of  AN/TPQ-31 
Performance  During  Evaluation  as  a  Hostile  Weapon  Locator 

TEST  ANALYSIS  FINDINGS 

TEST  2  Radar  problems  -  See  Appendix  5,  Annex  F. 

TEST  2A  These  firings  are  characterized  by  non-detectability  for  approxi¬ 

mately  the  first  6  seconds  after  firing.  The  detectability  was  low 
due  to  the  distance  to  the  weapon.  A  glance  at  the  polar  plots 
shows  strong  azimuth  biases  for  2A/2  to  2A/5.  Since  there  are 
no  mask  angles,  the  machine  and  operator  predictions  must 
agree  within  the  limits  allowed  by  map  plotting  accuracy.  Because 
of  such  unavoidable  errors,  the  operator  predictions  should  have 
miss  distances  generally  showing  equal  probability  for  being 
greater  or  less  than  the  correct  value.  The  operator  values  do 
exhibit  such  a  distribution.  The  low  blip-scan  percentage  is  con¬ 
sistent  wi<h  the  generally  weak  detectability  prediction.  It  should 
be  noted  that  operator  miss  distances  were  based  not  on  the 
number  of  target  blips  N,  but  on  the  total  number  of  scans  during 
the  time  the  target  was  in  flight.  As  a  result,  some  scans  are 
counted  prior  to  target  detection  by  radar.  On  confirm  tests  the 
blip  scan  count  was  started  from  the  moment  the  crew  was  given 
the  "round  away"  signal,  and  on  the  locate  test  the  blip  scan  count 
was  started  from  the  radar  first  detection.  If  there  was  no  radar 
detection  on  the  confirm  test  a  "0"  was  entered  in  the  blip  scan 
column,  when  the  radar  made  a  detection  a  "1"  was  entered. 

The  "N"  for  computation  of  backtrack  is  the  number  of  scans 
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between  the  first  "1"  and  last  "1",  not  necessarily  the  first  scan 
the  target  is  airborne  to  the  last  "1".  This  leads  to  a  slight 
error  in  the  operator  miss  distances  but  does  not  significantly 
affect  the  overall  results. 

TEST  2B  Antenna  Problems  Test  2B  -  This  test  was  missed  due  to  a 

problem  with  the  Antenna.  The  first  sign  of  the  trouble  was  a 
burnt  out  wire  in  the  distribution  box.  The  wire  was  in  the 
antenna  drive  motor  neutral  line.  When  the  wire  was  replaced, 
the  antenna  would  rotate  but  was  a  little  reluctant  to  start  on 
some  occasions. 

TEST  3  Short  Range  Display  Problem,  Tests  2  &  3  -  Generators  were  a 

persistent  problem  during  the  test.  The  generator  would  run 
for  a  while  and  shut  down.  It  was  after  such  a  generator  failure 
that  an  intermittent  fault  in  the  short  range  display  was  ex¬ 
perienced.  When  the  system  was  cold  the  horizontal  sweep  was 
short,  and  unstable.  After  a  warm-up  period  of  approximately 
30  mins. ,  the  display  would  settle  down  and  function  correctly. 
With  the  amount  of  time  available  to  troubleshoot,  the  problem 
was  not  found.  Cards  were  changed  that  were  within  the  hori¬ 
zontal  sweep  and  cursor  circuits  but  the  trouble  remained.  At 
the  end  of  each  work  day  the  truck  which  housed  the  console  was 
driven  back  to  the  motor  pool  at  Fort  Sill.  This  continuing 
agitation  may  have  worsened  the  situation.  The  yoke  driver 
assembly  was  a  little  burnt  in  the  area  of  the  in  1W  series 
resistors.  This  assembly  would  have  been  changed  or  the  drive 
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TEST  3A 


TEST  3B 


TEST  4 


transistor  replaced  had  the  test  not  come  to  a  close.  In  all 
probability  this  assembly  was  the  cause  of  the  problem. 

These  tests  show  a  high  predicted  probability  of  detection  over 
the  complete  trajectory  ar,d  the  observed  blip  scan  ratios  are 
correspondingly  high  -  nominally  90%.  The  machine  miss  dis¬ 
tances  range  between  292  meters  and  528  meters,  primarily  as 
a  result  of  a  somewhat  higher  than  average  azimuth  scatter.  The 
operator  predictions  nominally  fluctuate  around  the  machine  pre¬ 
dictions  as  they  should. 

These  tests  were  at  an  initial  range  of  23  km  ending  at  18  or 
19  km  and  therefore  show  prediction  curves  generally  below  the 
threshold.  The  blip  scan  percentages  v/ere  low  (nominally  20%) 
as  expected  and  the  miss  distances  were  correspondingly  high, 
nominally  800.  to  900  meters.  The  polar  plots  reveal  relatively 
low  biases  which  kept  the  miss  distances  from  being  much  higher. 
This  test  was  adversely  affected  by  antenna  malfunction.  The 
drive  motor  was  removed  from  the  pedestal  and  inspected.  The 
armature  bearing  at  the  brush  end  was  partially  seized.  This 
seizure  was  caused  by  the  heat  generated  by  one  of  the  brushes. 
The  brush  was  worn  and  the  spring  tension  so  small  that  the 
resultant  arcing  caused  the  heat.  The  motor  was  overhauled, 
armature  bearing  replaced  and  the  bull  ring  bearings  cleaned. 
After  reassembly,  the  antenna  functioned  without  any  further 
problems. 
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TEST  5 


TEST  6 

TEST  7 


TEST  8 


In  test  5,  all  prediction  curves  show  the  initial  trajectory  to  be 
velocity  blind.  Test  5/2  simulations  never  rise  above  the 
threshold.  Excellent  correlation  was  obtained  in  the  test  results. 
The  blip  scan  ratio  for  5/2  was  0%  and  between  30%  and  80%  for 
the  others,  with  seemingly  close  correlation  to  the  simulations. 

Test  5  had  a  1. 0°  mask  angle  and  consideration  of  this  fact  in 
machine  predictions  resulted  in  a  significant  improvement  of  miss 
distances.  They  range  from  1693  (opr)  vs  1173  (machine)  to  as 
good  as  1106  (opr)  vs  230  (machine).  The  firing  data  as  listed 
on  the  operator's  data  sheet  (F-5-22)  are  in  reverse  sequence 
order.  Tgt  319  is  Sequence  1,  Tgt  307  is  Sequence  2,  etc. 

The  simulations  put  the  test  6  trajectory  in  the  velocity  notch 
and  this  correlates  with  the  observed  blip  scan  ratio  of  0%. 

Test  7  results  correlate  well  with  the  simulations  except  for 
7/2  which  came  out  better  than  expected.  Both  7/2  and  7/4 
started  in  the  velocity  notch.  Once  again,  the  machine  miss 
distances  were  dramatically  better  than  the  operator  miss 
distances  because  of  the  inclusion  of  mask  angle  correction. 

Because  of  several  different  firings  in  the  area  during  Test  7, 
operators  had  some  difficulty  picking  the  correct  targets.  This 
may  account  for  some  scatter  in  the  results. 

Test  8  simulations  predict  good  detectability  and  such  was  the 
case  (77%  blip  scan  ratio).  This  test  had  a  mask  angle  and  the 
machine  miss  distance  is  less  than  half  the  value  of  the  plotted 
miss  distances.  The  biases  were  small  and  the  corresponding 
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TEST  9 


miss  distances  should  have  been  low.  A  study  of  the  polar  plot 
was  made,  and  one  possibility  is  that  wrong  rounds  were  tracked 
for  a  part  of  the  time.  The  observed  projectile  range  rate  was 
checked  against  the  simulations,  and  a  considerable  discrepancy 
was  found  with  four  (4)  rounds  which  could  have  originated  from 
a  non-participating  firing  point. 

Test  9  results  show  peculiar  discrepancies  in  several  different 
ways. 

1.  The  observed  blip  scan  ratios  do  not  correlate  well  with 
the  prediction  plots  (except  for  sequences  9/5  and  9/6 
where  the  targets  should  not  have  been  detected  due  to 
blind  speed). 

2.  Seq  1  shows  a  miss  distance  of  3.100  km  using  given 
FP-347,  but  if  in  reality  they  were  fired  from  FP-387 
the  error  is  reduced  to  .755  km  due  in  part  to  the 
masking  of  Dodge  Hill.  The  polar  plot  shows  this  could 
well  be  the  case  for  Seq  1. 

3.  Seq  2.  This  group  shows  a  dispersion  due  to  the  masking 
of  Dodge  Hill  during  the  flight.  Some  detections  were 
made  at  the  early  part  of  the  trajectory  (10.2  km)  but 
most  were  grouped  around  8.  5  km  where  they  came  out 
from  behind  Dodge  Hill,  The  radar  had  approximately 

a  1  second  look  at  the  early  part  of  the  trajectory  before 
the  masking  effect  of  Dodge  Hill  was  encountered. 
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TEST  10 


4.  Seq  3  shows  good  results  although  the  detection  curves 
are  marginal. 

5.  Seq  4.  Only  two  rounds  were  recorded,  and  they  are 
widely  scattered.  The  detection  curve  is  marginal  and 
it  is  a  good  probability  that  none  of  the  rounds  of  Seq  4 
were  actually  detected. 

It  was  therefore  concluded  that  Test  9  data  is  interspersed  with 
tracks  of  projectiles  which  do  not  correspond  with  the  scheduled 
firings.  Since  Test  9  is  a  locate  test,  all  operator  miss  dis¬ 
tances  are  based  on  taking  the  difference  between  the  plotted 
backtrack  point  and  a  best  known  firing  point.  For  Test  9,  this 
best  known  point  never  corresponded  to  the  actual  firing  point 
and  so  the  operator  miss  distances  listed  are  not  valid. 

The  results  for  10/1  show  a  relatively  wide  range  and  azimuth 
scatter  in  the  polar  plot  and  this  is  reflected  in  the  miss  distances 
563  meters  plotted,  594  meters  machine.  The  prediction  plots 
show  poor  detectability  (due  to  the  clutter  notch)  and  this  con¬ 
tributed  to  the  scatter. 

Test  10/2  is  predicted  to  be  in  the  clutter  notch  for  all  but  the 
last  4  seconds. 

However,  the  generator  stopped  before  Seq  2,  the  loss  of  keep 
alive  voltage  led  to  a  loss  of  the  receiver  crystals  due  to  radia¬ 
tion  from  co-located  L-band  radar  and  no  blips  were  observed. 
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TEST  11 


Tests  11/1  and  11/2  are  almost  completely  in  the  clutter  notch 
and  showed  a  blip  scan  ratio  of  20%  and  11%  respectively.  The 
correlation  with  the  prediction  curve  is  good.  The  rounds  in 
Seq  11/1  had  a  better  chance  of  being  detected  earlier  than  those 
in  11/2.  This  was  indeed  the  case,  and  a  corresponding  improve¬ 
ment  in  miss  distance  was  realized.  Tests  11/2  was  3032  meters 
compared  to  867  meters  for  11/1.  Once  again  a  mask  angle 
correction  improved  the  machine  results. 

The  narrow  clutter  notch  was  used  for  Test  11,  and  a  detection 
curve  based  on  the  narrow  notch  corresponds  well  to  the  actual 
blip  scans  experienced. 

TEST  12  Test  12  detection  curve  predicts  no  detections  due  to  velocity 

notch  and  yet  the  target  was  seen  (65%,  29%  and  27%  of  the  time 
for  12/1,  12/2  and  12/3  respectively).  Tests  12/1  and  12/2  were 
masked.  The  mask  correction  used  in  the  machine  prediction 
produced  significant  improvements  -  1700  meters  (operator)  to 
1324  meters  (machine),  and  950  meters  (operator)  to  532  meters 
(machine). 

The  azimuth  biases  for  12/2  and  12/3  appear  excessive  on  the 
polar  plots,  due  in  part  to  operators  experimenting  with  leading 
edge  and  trailing  edge  of  the  painted  blip.  A  test  of  projectile 
velocities  compared  with  simulations  lead  to  the  conclusion  that 
at  least  two  tracks  of  12/3  were  not  the  scheduled  projectile, 
therefore  explaining  the  very  large  miss  distances  of  2334  and 
2259  for  operator  plot  and  machine  calculations. 
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TEST  13,  13 A  Test  13,  13 A  detection  curves  show  that  all  rounds  are  detectable 
after  a  nominal  5-7  second  delay  due  to  the  velocity  notch. 

Test  13  mask  angles  were  only  0.2°  and  had  no  significant  effect 
on  the  prediction.  The  operator  plotted  and  machine  miss  dis¬ 
tances  are  nominally  comparable,  as  they  should  be,  and  range 
from  about  100  meters  to  about  600  meters. 

TEST  14  The  predicted  detection  curves  show  virtually  no  detectability. 

These  firings  were  also  essentially  out  of  range  of  the 
AN/TPQ-31,  resulting  in  no  detections  being  made  during  this 
test. 

TEST  15  Same  as  above. 

TEST  15A  Tests  15 /A  and  16  prediction  curves  were  based  on  assumed  data 

for  a  8"  howitzer,  which  apparently  generated  overly  optimistic 
possibility  of  detection.  Test  15A/1  curves  predict  detections 
over  more  than  50%  of  the  time  of  flight.  The  signal  to  noise 
ratio  was  low  and  no  detections  were  made. 

Test  15A/2  curves  show  a  somewhat  improved  situation.  The 
target  was  approximately  10  dB  above  MDS  for  50%  of  the  flight 
and  a  28%  blip  scan  was  recorded.  The  polar  plots  show  a 
considerable  azimuth  bias  which  contributed  to  the  machine  miss 
distance  of  816  meters. 

TEST  16  Test  16  detection  curves  are  generally  very  poor  due  to  the 

target  being  in  either  the  clutter  notch  or  high  in  the  antenna 
beam.  Thus  test  16/ 1  blip  scar  is  0  and  16/2  is  25%.  Test  16/2 
was  masked  and  the  machine  predictions  were  significantly  better 
than  operator  plotted  predictions. 
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TEST  17 


Test  17  detection  curve  predicts  very  poor  detectability  (clutter 
notch),  which  was  confirmed  by  the  10%  blip  scan  ratio.  The 
polar  plots  of  Test  17,  however,  show  a  remarkably  bias  free 
situation.  This,  plus  the  early  detection  of  the  target  gave 
machine  miss  distance  of  155  meters,  even  though  a  small  per¬ 
centage  of  the  projectile  flight  was  detected. 

TEST  18  Test  18  curves  show  good  detectability  for  all  sequences  and 

blip  scans  ranged  somewhat  lower  than  expected.  Miss  distances 
were  very  satisfactory,  however,  between  1 6 1  meters  and 
195  for  the  first  3  sequences.  The  polar  plot  for  18/4  shows  a 
significant  bias  and  led  to  a  miss  distance  of  294  meters. 
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Appendix  5  -  (Recorded  Test  Data  from  Ft.  Sill  Tests)  to  Annex  F  of  Report 

of  AN/TPQ-31  Performance  Evaluation  as  a  Hostile  Weapon  Locator 
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